A favorable milieu for the growth of staphylococcal enterotoxins in
codfish may be created by extensive handling, use of certain salt con-
centrations, and long immersion in tapwater before cooking.

Two Poisoning Outbreaks in Puerto Rico

From Salt Preserved Codfish
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N THE FALL of 1957 Puerto Rican health
authorities investigated a mass outbreak of
food poisoning at the Ponce District Hospital
and another at the institution for juvenile de-
linquents of San Juan. Both events were pre-
sumably caused by staphylococcal enterotoxins
involving a common vehicle—salt-preserved
codfish (Atlantic). The food in this form had
not previously been incriminated in such in-
toxications.
The incident at the hospital, involving a
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reported 303 patients in a total population of
457, occurred following lunch on September 5,
1957. There were no reports of acute gastro-
enteritis in the community outside the hospital.
In the juvenile institution, the outbreak fol-
lowed lunch on November 27, 1957, affecting 236
inmates out of a total of 320. Both outbreaks
were first reported to local public health author-
ities, who in turn informed the bureau of com-
municable disease control in the Puerto Rico
Department of Health.

Ponce District Hospital Outbreak

Between the lunch at the Ponce District Hos-
pital and the onset of illness, the mean duration
of time was 31/ hours, with a range of 1 to 15
hours. The onset was sudden, with vomiting,
headache, and abdominal pain but no signifi-
cant temperature change. The majority had
diarrhea, and several noted mucus in the
discharge.

The mean duration of illness was 614 hours,
with a range of 2 to 24 hours. An associated
fatality occurred in a chronically ill 53-year-
old woman with long-standing pemphigus
vulgaris, in whom postmortem examination re-
vealed changes of the intestine compatible with
acute inflammation.

The menu for the suspected lunch consisted
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of codfish salad, tomatoes, starchy fruits and
vegetables (plantains, yams, and sweet pota-
toes), bread, butter, whole milk, and guava
paste. Each item was investigated as to man-
ner of preparation, and an analysis of attack
rates of illness was made with the result that
all could be reasonably excluded as responsible
vehicles with the exception of codfish salad
(table1).

Because of the small number of persons in
the originally interviewed group that had ab-
stained from codfish, all inpatients were ques-
tioned in an effort to include cardiac and
diabetic patients who were served the same
menu with the exception of codfish salad and
guava paste. Only guava paste was included
as a control food to expedite this second sur-
vey which covered 196 patients (table 2).

The high attack rate of gastroenteritis (79.2
percent) in patients eating codfish salad with-
out guava paste and the absence of illness in 37
cardiac and diabetic patients who abstained
from the salad strongly implicates codfish as
the responsible item (P<.0001). The only car-
diac patient who suffered symptoms admitted
eating cod against dietary orders.

The entire hospital population is served from
the single kitchen in which sanitation was found
to be impeccable. The routine manner of pre-
paring codfish salad was to allow whole fillets
to desalt in cold tapwater for 12 hours during
the night and to prepare the salad on the morn-
ing of serving. However, a significant modifi-
cation in technique occurred on the morning
prior to the outbreak, when the salted fish was

Table 2. Rate of attack of acute gastroenteritis
among 196 patients eating certain food com-
binations for lunch at the Ponce District Hos-
pital, September 5, 1957

Food combinations Total | Number | Percent
persons ill ill
Codfish salad, with guava
paste. _______________ 133 120 90. 2
No codfish salad or guava
paste_ _______________ 37 0 0
Codfish salad, no guava
paste. - _____________ 24 19 79. 2
Guava paste, no codfish
salad_________________ 2 0 0
erroneously placed in hot tapwater. The

average temperature of the kitchen is 100° F.
during the day and 72° F. from 7 p.m. to 7 a.m.
On the following morning the cod was prepared
as a salad and distributed into thermatically
controlled serving cars maintaining a tempera-
ture of 165° F. The food remained in these
vehicles for 60 to 90 minutes before being con-
sumed by the hospital population.

Five vomitus, two stool, and three blood cul-
tures of severely ill patients revealed no staphy-
lococci or other pathogens. The food bacteri-
ology section of the health department could
demonstrate no pathogens in any of the food
items after considerable effort. Two frozen
samples of cod were referred to the bacteriology
department of the University of Puerto Rico
Medical School after several weeks, because of
the epidemiological implication. There, a
coagulase-negative strain of Staphylococcus

Table 1. Rate of attack of acute gastroenteritis among persons eating lunch, Ponce District Hospital,
September 5, 1957
Persons eating food item Persons not eating food item
Food item . ‘
Total Number Percent Total Number Percent
number ill ill number il ill

Codfishsalad_ _________________________ 289 254 87.8 5 3 60. 0
Tomatoes 141 120 85. 1 153 137 89.5
ams._________ 282 246 87.2 12 11 91.6
Sweet potatoes_________________________ 287 251 87. 4 7 6 85.7
Plantains____________________ . ____ 285 250 87. 7 9 7 77.8
Bread_ . __ e 205 173 84. 4 89 84 94. 3
Butter_ __ __ __ . 108 92 85. 2 186 165 88. 7
Whole milk_________________ . ___._ 266 230 86. 4 28 27 96. 4
Guava paste___________________________ 266 232 87.2 28 25 89.3
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pyogenes var. aureus was readily demonstrated
in both specimens in the approximate concen-
tration of 10° organisms per gram. This strain
was subsequently encountered by the food bac-
teriology section of the department and has
been confirmed as such by the Staphylococcal
Unit of the Communicable Disease Center,
which undertook phage typing of strains iso-
lated in the outbreaks.

No cultural examination of the kitchen per-
sonnel was made for staphylococcal carriers
because of the original lack of success in isolat-
ing this organism from the food. There was,
however, no evidence of superficial purulent
lesions or a history of recent upper respiratory
infection.

Outbreak at the Juvenile Institution

In the outbreak at the institution for juvenile
delinquents, the mean interval between lunch
and the onset of illness was slightly less than

2 hours, with a range of several minutes to 8

hours. The symptoms were similar to those of
the previous outbreak, and the duration of ill-
ness was less than 24 hours in two-thirds of the
cases and from 1 to 4 days in the remainder.
The menu consisted of codfish salad, rice and
beans, bread pudding, and bread. An analysis
of attack rates of illness by food consumed by
223 available inmates (table 3) strongly impli-
cates codfish salad as the responsible item
(P <.0001). Furthermore, an analysis of
attack rates by food combinations reveals an
absence of illness in inmates consuming either
rice and beans or pudding but abstaining from
the salad (table 4). '
The preparation of codfish salad at this insti-
tution left no doubt as to its potentialities to

Table 4. Rate of attack of acute gastroenteritis
among persons eating certain food combina-
tions for lunch at the institution for delin-
quents, November 27, 1957

Food combinations p'gl(‘)S‘:)aI}S Nugllber Pelifle b
Rice and beans__________ 221 177 80. 1
With pudding_________ 193 158 8.9
Without pudding______ 28 19 67.9
With codfish._.________ 203 177 87.2
Without codfish_______ 18 ., 0 0
Pudding________________ 194 159 81.9
Without rice._.________ 1 1 100. 0
With codfish__________ 184 159 86. 4
Without codfish_______ 10 0 0
Codfish.._______________ 205 179 87.3
Without pudding_____. 21 20 95. 2
Without rice..________ 2 2 100. 0
Total persons eating-_| = 223 179 80. 3

support the production of enterotoxin. Food
for the inmates is prepared in a separate
kitchen, which is of substandard hygiene and is
staffed by the inmates. At 3:00 p.m. in the
afternoon, 20 hours before serving, 100 pounds
of cod were boiled for 1 hour. Fresh tapwater
was added to the caldron and three inmates ex-
tracted fish by hand to remove bones. At 5:30
p.m., with one-quarter deboned, the work was
abandoned to be completed the following morn-
ing. The fish remained at room temperature
until 11: 80 a.m., when it was served after light
seasoning.

No specimens were obtained from patients.
The food bacteriology section isolated various
strains of Staphylococcus pyogenes from the
rice and bread pudding but could not demon-
strate any such contamination in the salad.
However, the school of medicine isolated a
coagulase-positive strain of Staphylococcus

Table 3. Rate of attack of acute gastroenteritis among persons eating lunch at the institution for
delinquents, November 27, 1957

Persons eating food item Persons not eating food item
Food item

n’ggfg«ler Number ill| Percent ill n'\fgltl?;r Number ill| Percent ill
Rice and beans_________________________ 221 177 80.1 2 2 100. 0
Pudding___..__. 194 159 81. 5 29 20 69.0
Codfish salad 205 179 87.3 18 0 0
Bread._ e 202 165 81.7 21 14 66. 7
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pyogenes var. aureus in the codfish salad with
an estimated concentration of 1.6X107 or-
ganisms per gram. All strains were confirmed
by the Staphylococcal Unit of the Communi-
cable Disease Center. The one isolated from
the cod and two other coagulase-positive strains
from rice and bread pudding proved resistant
to the phage types used. Ten of the twelve
food handlers were also shown to carry
coagulase-positive  Staphylococcus pyogenes
var. «ureus including six phage-resistant
strains.

Enterotoxin Production

Isolated strains of staphylococei from the
codfish salad served at the hospital and the in-
stitution for juvenile delinquents were referred
to the Robert A. Taft Sanitary Engineering
Center, Public Health Service, for enterotoxin
production experiments.

Heated culture filtrates were tested by intra-
venous injection into cats. None of the lab-
oratory animals receiving the filtrates prepared
from the cultures gave the response which
typically follows the injection of enterotoxin.

According to Dr. Foter, who supervised the
enterotoxin testing at the Robert A. Taft Sani-
tary Engineering Center, there is at present no
completely satisfactory experimental test for
enterotoxin. The most reliable test is the feed-
ing of suspected food to human volunteers,
which is obviously impractical as a routine test.

The feeding of laboratory animals with sus-
pected food results in nonspecific responses.
In Dr. Foter’s opinion, intravenous injection of
a heated culture filtrate of staphylococei iso-
lated from food into cats has limited value.
The observations indicate that a positive re-
sponse would be reliable, but the meaning of
a negative response is not clearly understood.

Also, there is evidence that the laboratory
animals used for this type of test, the monkey
and the cat, are less susceptible to enterotoxin
than man. An assay which can be performed
quickly with simple equipment and with a high
degree of reliability is urgently needed.

Discussion
The success of the medical school laboratory

in isolating staphylococei from the codfish
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salad was attributed to the use of milk with 10
percent sodium chloride agar for plating after
making appropriate dilutions. This type of
selective medium was not used by the food bac-
teriology section of the health department.
Staphylococcus pyogenes has been shown to
have a high salt tolerance (7), with entero-
toxigenic strains proved capable of initiating
growth in a 20 percent sodium chloride
broth (2). Nutrient media containing 7.5
to 10 percent sodium chloride, in fact, have
previously been demonstrated to be preferable
for the isolation of Staphylococcus pyogenes
from sources highly contaminated with other
organisms (3,4).

To date there has been no demonstration that
naturally occurring coagulase-negative Staphy-
lococcus pyogenes produces enterotoxin (2,5,6),
but the strain isolated in the outbreak at the
Ponce District Hospital (from 4 different food
samples by 2 laboratories) bears a suspicious
relation to the etiology, and we believe it
merits further study.

The time, temperature, and salt-concentra-
tion conditions that prevailed in the prepara-
tion of the salad prior to the Ponce hospital
outbreak were duplicated in the food bac-
teriology laboratory. The extended desalting
allowed luxuriant growth of staphylococci, but
the seasoning and heating process before serv-
ing resulted in a marked diminution of these
organisms. Therefore, a possibility to be con-
sidered is that an enterotoxin may have been
produced by a strain of staphylococcus which
was destroyed by final heating, and that the
coagulase-negative strain appeared as a con-
taminant. It is unlikely that any of the tem-
perature factors, detrimental as they may have
been to these organisms, would have altered a
formed toxin (7).

Phage typing of enterotoxin-producing
strains of coagulase-positive staphylococci has
received attention (8-70). Although it has
been found that the great majority of the re-
ported strains belonged to a reasonably easily
defined group of phage patterns, approxi-
mately 12 percent were phage resistant, as was
the case with the strain isolated from the cod-
fish salad implicated in the outbreak at the
juvenile delinquents’ institution.

A brief review of the dry-salting process of
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preserving codfish is pertinent to an under-
standing of the food’s potentialities for con-
tamination with enterotoxigenic staphylococei.
The flesh and body cavities of salt water fish are
sterile (77), but the surfaces and gut may be
contaminated in the order of 10? to 107. Dyer
has demonstrated that 73 percent of aerobic flora
of Atlantic cod may belong to the micrococcus
group and that 7 percent of these were Staphy-
lococcus pyogenes vars. aureus and albus (12).
However, these organisms appeared to be ma-
rine in origin (Z8) and were not considered po-
tentially pathogenic because of a uniformly
negative coagulase reaction (74). When the
fish arrives at shore and is handled, the micro-
coccus flora increases in inverse ratio to the
degree of cleanliness of the premises (75). Of
the micrococel growing at 98.6° F., 10 to
16 percent were shown to be indistinguishable
from coagulase-positive Staphylococcus pyo-
genes var. aureus. These micrococei must be
considered potentially pathogenic (16).

After filleting, the cod is preserved with salt
which appears to be a complex process involving
the inactivation of bacterial enzymes besides
the withdrawal of moisture, thus restricting
microbiological activity (77). Salt is inter-
spersed between layers of split fish, establishing
a concentration of about 20 percent in 14 to 16
days while the juices are allowed to run away,
with a maximum loss of weight of 80 percent
(18). The flesh, at this stage “wet stack” or
“green” cured, always contains some micro-
organisms, almost exclusively micrococci, and
never becomes sterile (75). Spoilage at this
stage is known as “pinking” because of the
characteristic pigment produced by the con-
taminating flora (79). Food poisoning was ob-
served in association with spoiled and “pink”
cod as early as 1886 (20), but the nature of the
poisoning has not been clearly defined.

The fish is then hard dried by exposure to
wind and sun and is no longer susceptible to
such contamination unless stored in relative
humidities of 75 percent and greater. Boury
(21) has demonstrated, however, that Staphy-
lococcus pyogenes var. aureus may survive in
hard-dried cod fillets and even grow under suit-
able conditions of humidity.

This report has demonstrated the hazard of
exposing salted cod to water at environmental
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temperatures for extended periods of time. Al-
though a preformed staphylococcal enterotoxin
has not yet been demonstrated in salted cod
during its processing or storage, the logical ex-
tension of available evidence forces one to con-
sider this a strong possibility. More adequate
information, therefore, is needed with regard
to the safe hygienic standards in these phases
for the protection of the public’s health.

The study also illustrates the need for care-
ful analysis of information obtained from field
investigations of foodborne outbreaks, inas-
much as definite laboratory confirmation of
causative factors often is not obtainable.

Summary and Conclusions

Two food poisoning outbreaks in Puerto
Rico during the fall of 1957 were ostensibly
caused by staphylococcal enterotoxin in salt-
preserved codfish, a product that had not pre-
viously been incriminated in such mass in-
toxications.

The first outbreak, at the Ponce District Hos-
pital, affected 303 persons and the second, 236
inmates of a juvenile delinquents’ institution.
Laboratory tests on samples of the codfish
salad served in the second outbreak yielded
strains of Staphylococcus pyogenes var. aureus
when a 10 percent sodium chloride nutrient
medium was used.

The findings support the view that partial
preservation of codfish by salting does not com-
pletely destroy contaminating organisms which
have a high salt tolerance. In fact, the addi-
tion of suitable concentrations of salt may serve
to kill spoilage bacteria which might compete
for growth with the staphylococcus.

These food poisoning experiences demon-
strated the hazard of consuming salt-preserved
codfish following its extended exposure to
water at environmental temperature.

Enterotoxin production studies were carried
out on cats in the laboratories of the Robert
A. Taft Sanitary Engineering Center. When
the animals received filtrates from cultures of
strains isolated in the outbreaks, they did not
give the response which typically follows in-
jection of enterotoxin.

This type of test, however, results in non-
specific responses. There is evidence, more-
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over, that both the monkey and the cat are less
susceptible to enterotoxin than man. There is
urgent need for a simple, fast, but reliable test
for enterotoxin.

REFERENCES

(1)
@)

(3)

4)

(%)

(6)

(©))
®

9

270

Koch, F. E.: Elektivniihrboden fiir Staphylokok-
ken. Zentralbl. Bakt. 149: 122-124, June 1942.

Evans, J. B, and Niven, C. F., Jr.: A compara-
tive study of known food-poisoning staphy-
lococci and related varieties. J. Bact. 59:
545-550, April 1950.

Chapman, G. H.: The significance of sodium
chloride in studies of staphylococci. J. Bact.
50: 201-203, August 1945.

Maitland, H. B., and Martyn, G.: A selective me-
dium for isolating staphylococcus based on the
differential inhibiting effect of increased con-
centrations of sodium chloride. J. Path. &
Bact. 60: 553-561, October 1948.

Evans, J. B.: Studies of staphylococci with spe-
cial reference to coagulase-positive types. J.
Bact. 55: 793-800, June 1948.

Evans, J. B, Buettner, L. G., and Niven, C. F.,
Jr.: Evaluation of the coagulase test in the
study of staphylococci associated with food
poisoning. J. Bact. 60: 481484, October 1950.

Dack, G. M.: Food poisoning. Ed. 3. Chicago,
University of Chicago Press, 1956, p. 148.

Parker, M. T., and Lapage, S. P.: Penicillinase
production by Staphylococcus aureus strains
from outbreaks of food poisoning. J. Clin.
Path. 10: 313-317, November 1957.

Williams, R. E. O., Rippon, J. E.,, and Dowsett,
L. M.: Bacteriophage typing of strains of
Staphylococcus aureus from various sources.
Lancet 264 : 510-514, Mar. 14, 1953.

(10)

(11)

(12)

(13)

(14

(15)

(16)

17)

(18)

(19)

(20)

(21)

Cockburn, W. C., and Vernon, E.: Food poison-
ing in England and Wales. Month. Bull. Min.
Health. Lab. Serv. 14: 203-216, December,
1955.

Shewan, J. M., and Georgala, D. L.: The effect
of spoilage and handling on the bacterial flora
of fish. Proc. Nutrition Soc. 16: 161-163,
April 1957.

Dyer, F. E.: The micro-organisms from Atlantic
cod. J. Fish. Res. B. Canada 7: 128-136
(1947). .

Wood, E. J. F.: The micrococci in a marine
environment. J. Gen. Microbiol. 6: 205-210,
May 1952.

Shewan, J. M.: The bacteriology of dehydrated
fish. I. Qualitative and quantitative studies of
the drying process. J. Hyg. 44: 193-209, Sep-
tember 1945.

Shewan, J. M.: Some bacteriological aspects of
handling, processing and distribution of fish.
J. Roy. San. Inst. 69: 394421, July 1949.

Spencer, R.: Hygiene and sanitation in the fish
industry. Roy. Soc. Promotion Health J. 7:
41-52, February 1957.

Rockwell, G. E.,, and Ebertz, E. G.:
preserves. J. Infect. Dis. 35:
December 1924.

Tressler, D. K.: Some considerations concern-
ing the salting of fish. U. S. Bureau of Fisher-
ies Doc. No. 884. Washington, D. C. U. S.
Government Printing Office, 1920.

Gibbons, N. E.: Studies on salt fish. I. Bacteria
associated with reddening of salt fish. J. Biol.
B. Canada 3: 70-76 (1936). :

Mauriac, E.: Des accidents toxiques occasionées
par la morue avairée et de l'intoxication de la
mise en vente des morues rouges. J. Méd. de
Bordeau 15: 425-429, Apr. 26, 1886.

Boury, M.: Recherches sur la morue salée. Rev.
Trav. Off. Péches Marit. 5: 297-309 (1932).

How salt
573-575,

WHO Publications

Principles of Administration Applied to Nursing Service.

By H. A. Goddard.

‘WHO Monograph Series No. 41 ; 1958 ; 106 pages ; $4.

Mental Health Aspects of the Peaceful Uses of Atomic Energy.
WHO Technical Report Series No. 151; 1958; 53 pages;

a study group.
60 cents.

Air Pollution.
Sanitation.

Report of

Fifth report of the Expert Committee on Environmental
‘WHO Technical Report Series No. 157; 1958 ; 26 pages ; 30 cents.

These publications may be obtained in the United States, directly or through
a bookseller, from the Columbia University Press, International Documents
Service, 2960 Broadway, New York 27, N.Y.

Public Health Reports



